Background: Coffee consumption has been shown to be inversely associated to type 2 2
by self-administered questionnaires. Smoking, alcohol drinking, and betel nut chewing history 3 were divided into 3 classes as follows: never, former, and current. Physical activity status was 4 divided into 2 classes: never/seldom and current. Diet habits were collected by food frequency 5 questionnaires. The standard serving size for coffee consumption was assigned on the 6 questionnaire as 1 cup (240 ml). The frequency of coffee intake ranged from "never" up to "7 7 times or more per week". Average coffee consumption was defined as the average frequency 8 of habitual coffee intake in the past 6 months, recorded as 0, <1, 1-6, ≥7 times per week. 9
Non-drinkers were defined as 0 times per week, the others were defined as habitual coffee 10 drinkers. Decaffeinated coffee is rarely consumed in Taiwan, so we assessed coffee 11 consumption only. Most coffee drinkers added sugar and milk (or cream) into their coffee, so 12 separate analyses were not conducted to assess the influence of coffee additives. Tea 13 consumption was defined as the average frequency of habitual tea intake in past 6 months and 14 analyzed as habitual drinkers vs. non-drinkers, as was done with coffee consumption. Income 15 was divided into 3 levels: low (< USD 15,000/year), middle (USD 15,000-37,500/year), and 16 high (>USD 37,500/year). Education was also divided into three levels: low (elementary 17 school and below), middle (junior and senior high school), and high (college/university and 18 above). 19
Definition of type 2 diabetes 1
Type 2 diabetes was defined as a fasting plasma glucose concentration ≥ 7.0 mmol/l (126 2 mg/dl) and/or history of T2DM and on hypoglycemic agent treatment or insulin treatment. 3
New diagnosed T2DM was defined as a fasting plasma glucose concentration ≥ 7.0 mmol/l 4 without history of T2DM. 5
Statistical analysis 6
The data are presented as means and SD unless otherwise indicated. Student's t-test was 7 used to compare mean values. Log transformation was used for variables (age, height, weight, 8 BMI, waist circumference, systolic BP, diastolic BP, fasting glucose, triglycerides, HDL-C, 9 total cholesterol/HDL-C) with significant deviation from normal distribution, and assessed by 10 the Kolmogorov-Smirnov test before further analyses. Pearson's χ 2 test was used to compare 11 the differences in the categorical variables (such as smoking and alcohol drinking) according 12 to diabetic status. ANOVA test was used to compare the continuous variables across coffee 13 consumption status. Multiple logistic regression analyses were used to assess the association 14 between T2DM and coffee consumption status. All statistical tests were 2-sided at the 0.05 15 significance level. These statistical analyses were performed using the PC version of SPSS 16 statistical software (13th version, SPSS Inc., Chicago, IL, USA). 17
Reporting of the study conforms to STROBE along with references to STROBE and the 18 broader EQUATOR guidelines [23] . Ethics approval for patient recruitment and data analysis 19 Table 1 shows that subjects with T2DM were older and had greater weight, BMI, WC, 2 systolic BP, diastolic BP, fasting glucose, triglycerides, and total cholesterol/ HDL-cholesterol 3 and lower HDL-cholesterol and magnesium than subjects without T2DM. The prevalence of 4 T2DM was 14.0% in men and 10.4% in women. Table 2 shows the baseline characteristics 5 across the frequency of coffee consumption. 6
After adjusting for the effects of age, BMI, systolic BP, diastolic BP, smoking, alcohol 7 drinking, betel nut chewing, physical activity, income, education level, energy intake, fat, 8 protein, carbohydrate, and magnesium in multiple logistic regression analyses, the adjusted 9 OR for T2DM with habitual coffee drinkers was lower than non-drinkers ( Table 3 ). The 10 adjusted OR (95% CI) was 0.62(0.41-0.92) in men and 0.54(0.31-0.92) in women (Table 3) . 11
To further clarify the dose response effect, we analyzed the association between T2DM and 12 frequency of coffee consumption in Table 4 . Using multiple logistic regression analyses with 13 adjustment for potential confounders, the adjusted OR for T2DM were significantly lower 14 among drinkers with higher coffee consumption than among non-drinkers (model 1-4 in Table  15 4). Compared to non-drinkers, the adjusted OR (95% CI) for T2DM according to subjects 16 with habitual coffee consumption (<1, 1-6, ≥ 7 times per week) was 0.76 (0.52-1. These data demonstrate an inverse association between coffee consumption and T2DM 2 prevalence (including newly-diagnosed T2DM) and fasting glucose level independent of 3 many potential confounding anthropometric, lifestyle, and energy intake factors in Chinese 4 middle-aged adults. Coffee consumption also appeared to protect against T2DM in a 5 dose-response manner. These findings are consistent with most studies done in Caucasians [11, 6 12, 14] , and carry an important public health message. According to International Diabetes 7
Federation's estimations, future new cases of T2DM will predominately come from 8 developing countries, especially China. Thus, it is important to investigate strategies that 9 prevent the onset of diabetes in this population. Coffee consumption may be a preventive 10 agent for T2DM in Chinese. Further studies, ideally of prospective design, are warranted to 11 clarify causality in the relationship between coffee intake and the development of T2DM in 12 Chinese. 13 Several mechanisms have been proposed to explain the association between coffee 14 consumption and T2DM. First, magnesium is a component of coffee, and a higher magnesium 15 intake from food can improve insulin resistance, glycemic control and reduce the risk of 16 T2DM [24, 25] . In our study, we found that serum magnesium levels increased with 17 frequency of coffee intake and subjects without diabetes had greater serum magnesium levels 18 than subjects with diabetes. While magnesium may partially explain the relationship, there 19 14 was no attenuation of the OR when magnesium entered the model in Table 4 . This finding 1 supports the results of Odegaard and colleagues' prospective study in Singapore Chinese [15] . 2 Second, coffee can stimulate thermogenesis and increase energy expenditure, which could 3 result in weight reduction [26] . In fact, some prospective and review studies have reported 4 that coffee consumption's reduction of T2DM risk may be explained by weight reduction [27] . 5
In our study, however, coffee consumption was not associated with BMI, and subjects who 6 consumed more coffee had higher energy intake. Again, when we entered energy intake into 7 the final model, the adjusted OR for T2DM did not weaken. Third, coffee contains 8 anti-oxidants, which promote insulin sensitivity, thus preventing or delaying the development 9 of T2DM [11] . Fourth, the contents of coffee such as chlorogenic acid, quinic acid, 10 trigonelline, and lignin secoisolariciresinol have been reported to improve glucose 11 metabolism [11, 12, 28] . While other mechanisms linking insulin sensitivity and coffee 12 consumption have also been proposed, these others lack definitive evidence. 13 Odegaard's prospective study of Singapore Chinese found that coffee intake of more than 4 14 cups per day reduced diabetes risk by 30% [15] . In our study, we found that coffee 15 consumption of more than 7 times per week is associated with a 63% lower risk for T2DM. 16
Although our study is cross-sectional in design, the population sample is large enough to 17 reasonably adjust for many potential confounders, including age, BMI, systolic BP, diastolic 18 BP, smoking, alcohol drinking, betel nut chewing, income, education level, energy intake, 19 magnesium, and percentage of fat, protein, and carbohydrate: all of which have been shown to 1 increase the risk of T2DM. 2
There are several limitations to our study. First, the cross-sectional design does not 3 clarify causality. Future prospective cohort studies are necessary to establish causative links. 4
However, the decreasing OR for T2DM and lower fasting glucose level with higher coffee 5 consumption demonstrated dose-response effects, thus supporting the possibility of a causal 6 relation. Second, our study only analyzed the relationship between coffee consumption and 7 T2DM. Previous studies have shown that caffeinated coffee decreases insulin sensitivity and 8 impairs glucose tolerance, which could lead to T2DM. However, some prospective cohort 9 studies have found that decaffeinated coffee consumption is inversely related to incidence of 10 residual confounding is a possible explanation for our finding. For example, the recent study 19 16 in Singapore Chinese found that black tea, but not green tea reduced the incidence of T2DM 1 [15] . Another study in Japanese found that green tea had an inverse association with T2DM 2
[29]. Tea is another important and commonly consumed beverage in Chinese, especially by 3 the elderly. We therefore adjusted for tea consumption in the model 4 in Table 4 , yet found 4 the result to be the same. Thus, the residual confounding effect of tea consumption in our 5 study appears to be minimal. 6
Coffee is a widespread beverage around the world. There is a rapid increase in coffee 7 consumption in developing countries, including China. Our results report that coffee 8 consumption is inversely related to the prevalence of T2DM and fasting glucose in Chinese. 9
Also, increasing frequency of coffee intake reduces the prevalence of T2DM and fasting 10 glucose level, revealing a dose-response effect. With the prevalence of T2DM on the rise and 11 expected to increase dramatically in China, coupled with an apparent growing interest in 12 coffee drinking among the Chinese, the possibility that coffee consumption may provide 13 protection from or in some way mediate this widespread disease has important impact on 14 public health. and from US National Institutes of Health (DK 026687). We also thank all the staff and 6 subjects who participated in this study. 7
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